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Executive Summary

Thz imminence of a new set of television broadcasting standards presents a rare opportunity to
mazke a quantum advance in spectrum efficiency, image quality, and interoperability.  Actually
achieving this highly desirable set of potential improvements requires the exclusive use of
progressive-scan (P) formats for t-ansmission. Not only are interlaced formats (I) deficient in these
characteristics, their use will inhibit any migration to progressive scan, which is agreed by all
paities to be the final objective. The use of interlaced transmission will effectively eliminate the
possibility for the system to be improved over time in a manner that does not make unusable much
of ‘he first-deployed equipment, ¢ specially receivers in the hands of the public.

Thz scientific evidence for this v.ew has been available for some time, as detailed in my Informal
Reply Comments to the Fourth }NPRM, submitted to the Commission on 8 March 1996. In that
submission, [ showed that no adv.intage, economic or otherwise, is gained from the use of interlace
by any stakcholder in the televis-on industry. There did remain the problem that no satisfactory
HD'TV camera had yet been dev:loped for progressive scan. However, the Polaroid Corporation
has now introduced a very high-quality HDTV camera that uses the 720x1280x60 fps Grand
Alliance progressive standard. Biised on the ATTC/ATEL test results, it is the author's opinion that
the progressive-scan systems wculd have won the competition had the Polaroid camera been
aveilable for the testing. This der elopment has disposed of the last possible argument for including
as archaic a technique as interlace in the coming standards The Commission is urged to include
oniy progressive formats in the ncw standards for both HDTV (high definition) and SDTV (standard
depinition).  To avoid the deveiopment of a serious reverse-compatibility problem that would
prevent further improvements of the system over time, the Commission is also urged either (o
require that ull over-the-air trarsmissions be of the highest possible resolution permitted by the
standards, or to require interlace ! receivers to incorporate vertical low-pass filters.
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Introduction

Interlace was or:ginally used to raise :he large-area flicker rate for a given number of lines per second and
lines per frame over what it would have been with progressive scan. The process can as well be thought
of as attempting to double the vertical resolution at a given large-area flicker rate with a given number of
lines rer second. In this attempt, it mostly fails except at very low brightness. At normal brightness, the
resoluion improvement is only about 10% (See the 1967 Brown paper in the Appendix.) while, at the
same time, sericus artifacts are introiduced -- interline flicker in detailed image areas and aliasing effects
arounc! verticallv moving sharp edges

When interlace was first introduced. its artifacts were not very noticeable because of the generally low
resolution of TV equipment and because existing quality standards were not very high. Even today, most
TV cameras, both tube-type and CC!)-type, have such low vertical resolution (about half the number of
lines per frame) that interline flicker is hardly noticeable. This 1s particularly true of interlaced HDTV
cameras, whose resolution, relative tr 1125 lines, appears to be substantially lower than the resolution of
good NTSC cameras, relative to 525 ines.

Where the video data has full vertice| resolution, such as in applications in the computer industry and in
air-tra-fic control, interlace has beer abandoned. Close viewing of fine detail on interlaced displays is
intolerable after a short time. Interlace also complicates transcoding, so that, even after 30 years' effort,
NTSC-PAL conversion is still far from perfect. For such reasons, virtually everyone concerned agrees
that interlaced scan ts inferior and that the US digital standard should eventually migrate to progressive
scan. T'he main reason usually given for using interlace at first are:

I Iaterlace doubles the vertical re olution for a given bandwidth and frame rate.

2. Progressive scan, in analog or : oded digital form, requires more bandwidth or channel capacity
than interlace for the same resolut on -- another way to put the same idea.

3. Iterlaced cquipment, particulaily receivers, are cheaper
4. Mo one knows how to make pro sressive scan HDTV cameras with adequate sensitivity.

5. Many programs that will be used with standard-definition (SDTV) transmission exist in
interlaced form.

As we shall see in what follows, all of these arguments are incorrect. There are no valid reasons for
using nterlace in DTV, and there arc many good reasons for using progressive transmission only.
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The ATTC/ATEL Test Results

Tape:s of the output of the five proposed systems for each of 9 still images and 15 sequences, made by
ATTC, were used in subjective testing of overall perceived quality conducted by the Advanced Television
Evaluation Laboratory (ATEL) in the Canadian Dept. of Communication. Fig. 1 shows the final result of
the first stage of the subjective-testing program, held in 1991-92. For all but two of the test images (S14
and M16), an 1125-line, 30-f/s interiaced camera was used, the input video for the two progressive-scan
systerns being derived from the interlaced video in a scan converter. One still image and one image
sequence were computer-generated. The rating was in terms of subjective units relative to the uncoded
1125-line originals. S14 and M16 w zre computer-generated.

It 1s e¢vident from these results that all systems suffered some loss in quality relative to the 1125-line
interliced input. The apparent superiority of the progressive systems for the computer-generated motion
sequence was later accounted for b an error in generation of the interlaced sequence: the odd and even
fields were interchanged, depressiny the quality of the reference signal as well as the outputs of the
interliced systems.

Fig. 2 shows the results of the second test, held in 1994-95, in which only the Grand Alliance 720P and
1080] formats were tested. The coinputer-generated scenes, now called S14A and M16A, were redone.
In the second test, the overall qualit - was higher and there was no systematic difference between the two
formzts. The dynamic vertical resolution of the P system was slightly higher than that of the [ system, in
spite of having only 720 scan lines as compared with 1080 scan lines. (The horizontal resolution was
some'vhat less, as expected.)

One point that seems to have been lost in the testing process was that the progressive material scan-
converted from the interlaced video in all likelihood had much less than 720 lines vertical resolution, so
that a portion of the capabilities of the progressive coding system actually went to waste. I have never
seen :ven the slightest interline flicker on an 1125-line display, whereas some such flicker 1s usually
present in the output of a high-quaiity NTSC camera. The actual vertical resolution of the 1125-line
cameras 1s probably less than 600 lines. It is my opinion that, if the Polaroid camera had been available
at the time of testing, the progressive format would have had higher overall quality on account of superior
vertical resolution and may well have won the competition. If special scenes had been included that
showed interlace artifacts, [ think there is little doubt that this would have been the case. In any event, the
1080 interlaced format, in spite of 1. aving more than twice as many picture elements per frame, did not
have igher perceived overall qualit

Technical Background

In a system in which camera, transmission channel, and display all have the same interlaced scan format,
interl ne flicker (at 30 Hz in NTSC) will be seen in all areas of the image where detail can be seen. This
is because adjacent scan lines (necessarily in successive fields) are not identical. Note that the scan lines
do nct have to be resolved either b’ the eye or by the CRT for this flicker to be seen. As long as the
horizontal extent of the detail on adjicent lines
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FIGURE 1: ATV BASIC RECEIVED QUALITY DIFFERENCE SCORES
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is visible and different, interline flicker occurs at the frame rate. For example, a picture with alternate
white and black lines -- unusual, b1t a legitimate NTSC image -- would flicker at 30 Hz even when
viewed from across the room.

This nhenomenon is not very troutlesome in today's system because interlaced cameras, using either
tubes or CCDs, integrate over one ficld time, and not one frame time, thus reducing the vertical resolution
by half and making adjacent lines nore similar. This "defect" is essential to make the display at all
accep:able. Shifting to integration .wer a frame time rather than a field time would restore the vertical
resolttion, but would introduce other serious defects, such as serrated vertical edges on horizontally
moving objects. Upconversion to a srogressive display at the receiver can remove some problems, but is
very expensive. The argument for nterlace, if there is one, 1s to make the receivers cheaper, not more
expensive.

If the-e is no irterline flicker on an interlaced display, the system is behaving much more like a system
with progressive scan with double th: frame rate and with half the number of lines per frame. (This point
is made in the ACATS Final Report ) This is the case in most sports use, which is why motion rendition
in NTSC is so ruch better than in 2 i-fps film. The TV frame rate is, in effect, 60 fps rather than 30 fps,
and th e frame-rate ratio compared tc film is 2.5:1 rather than 1 25'1 Up-conversion at the receiver in this
case 15 pointless.

Anotter problem is that interlace g:eatly complicates transcoding. All TV signals have a great deal of
tempcral aliasing because the frame rate is not high enough relative to the amount of motion. Even for
quite ordinary fast action, hundred: of frames/sec would be needed to get alias-free imagery. In the
presence of temporal aliasing, interl:-ce makes transcoding verv difficult because the successive fields are
displaced in both space and time.

The Folaroid Camera

Polaroid has fcr some time been a developer and manufacturer of CCD chips for consumer cameras.
ARP/. has for some time been concerned with meeting military requirements for high-resolution
nonflickering imagery from domes ic sources. This is the background for the project to develop a
progressive-scan chip and complete :amera for HDTV, which was sponsored in part by ARPA. (ARPA is
sponsoring two other projects of a sinilar nature.)

Since Polaroid is not a manufacturer of commercial TV cameras, they cooperated with BTS (Broadcast
Television Systems, owned in large part by Philips) in a program to use the new 720x1280 progressive
chip n the existing LDK 9000 canera, which normally operates in the European 1250-line, 50-fps
interliced format. While extensive changes were required to use the new chip, these were, for the most
part, <traightforward engineering de: elopments.

The cevelopment and specification: of the camera are described in a paper in the Appendix. For the
purposes of our argument, it suffices to say that the camera has high resolution together with sensitivity
not less than that of the LDK 9000 )perating in the interlaced mode. The new camera is fully adequate
for th: most demanding HDTV applications. Its output, naturally, is free of all interlace artifacts. Since
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it is based on an existing fully engireered camera with a successful record of application, it is ready for
everyday use when HDTV broadcast ng starts.

Operational Considerations

[n NTSC, no transcoding is required. since the programs are produced, broadcast, received, and displayed
all in the same format. In DTV, euch program will be MPEG-coded and transmitted as a digital data
stream modulated onto a carrier. In the receiver, the decoding and reconstruction requires frame
memcries. By writing into a frame memory in one standard and reading in another, transcoding can be
acconplished, so that the display fo-mat is not necessarily the same as the production and transmission
format. Normally, however, the scan format of the reconstructed signal will be the same as that of the
signal into the encoder.

When transmitting a multiplicity of standard-definition programs in one channel, a scheme now used in
satellite broadcasting and very like y to be used in cable, coding can be done either before or after
multiplexing into one signal for tran.mission. If progressive transmission is mandated, then any existing
interle ced material, such as archival NTSC, must be upconverted to progressive scan before coding. The
cost ¢f the needed I-to-P converter is much higher than the P-to-I converter used in the receiver, but
would be entirely negligible compared to the cost of installing the equipment needed for digital
transniission. In some cases, converion to progressive scan would be helpful to the compression process
n no case does interlace increase 1 1e compressibility of standard-definition video. (See my letter of 8
June to Mr. Hundt in the Appendix.)

There 1s no substantial archive of HI'TV video material in interlaced format. Film libraries would supply
a considerable portion of the HDTV broadcasts. The film would be scanned in progressive format at a
cost no higher than scanning in inte laced format. Live shows would use a progressive camera such as
Polarcid's, so no conversion would hve to be done.

[nterlaced receivers would have to hiwve P-to-1 converters if progressive transmission were used. This is a
simple process in which half the lincs are discarded, the remaining lines being doubled in duration. The
increriental cost of these converters would be very small, because the MPEG decoder must have one or
more frame memories. These memories could readily be used for a simple converter, with almost no
increase in cost of the receiver. Tiese receivers would also need vertical low-pass filters to prevent
interline flicker. Again, the addition il cost of such filters would be very small considering the powerful
processing engine that the decoder requires. The conclusion is that there is no significant economic
penaliy to anyone from the exclusive use of progressive transmission in DTV. If this is the case, and if the
systeni is to migrate to progressive s..an at a later date, as agreed by all parties, then the use of interlace,
2ven ot the beginning of broadcastin », has no justification whatsoever.

[f only progressive transmissions :vith full vertical resolution are permitted, then the difference in
performance between interlaced and progressive receivers will be quite evident at the point of sale, and
we can safely rely on the market to make its judgment. On the other hand, if interlaced transmission is
permi:ted, then interlaced receiver: that are perfectly adequate for displaying early interlaced DTV
program material -- either HDTV or multiplexed NTSC -- will flicker unacceptably at a later time when
displaying material converted in the receiver from full-definition DTV broadcasts. (Receivers that lack
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P-to-] converters will be entirely unuasable with such broadcasts.) Since the defects will not be apparent
when the receivers are purchased, ‘he market cannot be relied upon to ensure that the public will be
protected. One way to deal with this is to require that appropriate technology be used in the receivers
(ust as all receivers are required ‘o operate with UHF broadcasts), or , at the very least, to require
labelling that indicates the problem Alternatively, broadcasting parameters can be mandated so that the
market will ensure that appropriate 1 2ceiver technology is used.

A point that should be mentioned is rhat nearly 3 million set-top boxes are now in use for receiving digital
satell te broadcasts. These broadca:ts, at present, are all comprised of multiple NTSC signals that have
been multiplexzd and coded. Most of the boxes (such as Digicipher 2) are MPEG-compliant, but none
can handle 1080 interlaced broadcas:s, not to mention the 1080 progressive format to which the terrestrial
systern is suppesed to migrate. These boxes would also not be capable of dealing with standard-definition
progrissive breadcasts. This situation has arisen because of the Commission's decision to permit the
techn cal standards for satellite trans mission to be unregulated except for interference issues.

An argument can be made that the - “Jommission should allow interlace for standard-definition signals so
these boxes can be used. I suggest that taking these boxes into consideration in setting the DTV broadcast
standard would be a mistake. It would be tantamount, not only to giving up progressive scan, which 1
believe to be superior, but to giving ap HDTV, of which existing boxes are incapable. This is contrary to
the Commission's earlier decision that improving the technical quality of TV reception was in the public
mnterest.

Some lessons may be learned from Fistory. At the time of the 1953 NTSC color decision, the existence of
less than 10 million monochrome r:ceivers was used as a reason to select a receiver-compatible color
systern. (We now have nearly 200 rillion receivers.) Not only did this greatly reduce the resolution and
produce the well-known artifacts of composite color, it also greatly reduced the motivation to buy color
receivers. NTSC color very nearly failed, as it took 10 years to reach the 1% penetration point. Note that
the perceived difference between nionochrome and color is much larger than the difference between
analo and digital pictures or betwien standard definition and high definition. If we expect people to
rush cut and buy digital receivers, w: must provide attractive programming that they cannot get with their
existing sets, together with the highest possible technical quality. If we fail to do this, then it will become
politically impossible to turn off N7 SC and to achieve the very much higher spectrum efficiency that is
promised by the new systems.

The Literature
The technical conclusions presented in these Comments are not secrets held by a few. They are
concl isions of papers from reputable laboratories that have been available to workers in the field for

some time. In the Appendix, we inc ude the following references:

1. E.}.Brown, "Low-Resolution TV Subjective Comparison of Interlaced and Noninterlaced Pictures,"
Bell System Tech. J., 46, 1, 1967, pr 199-232.

In this early paper, Brown showed, by a very careful series of experiments, that the increase in vertical
resoli tion obtained by changing fro n progressive scan to interlace, keeping the same line-scanning rate

FCC961. WPS -7- 6:04 AM6/14/96



and bandwidth, depends on the lum nance of the display, and is only about 10% (rather than 100%) at
brightness and resolution typical of riodem television practice.

2. E. Petajan, "A Video Compression Efficiency Analysis using Progressive and Interlaced Scanning,”
AT&™ Bell Laboratories, presented it the NIST Conference, Georgetown University, 1994, and at NAB
1994

For a variety of scenes, Petajan sho'vs that the picture quality using progressive scanning is equal to or
better than the picture quality using interlace, when coded to the same digital data rate. The analog
progre:ssive video has twice the bandwidth of the analog interlaced video, so the compression ratio for
progressive is twice that for interlace . while the progressive output is entirely devoid of interlace artifacts.

3. S.Pigeon and P. Guillotel, "Advantages and Drawbacks of Interlaced and Progressive Scanning
Formets," EU Report R2110/WP2/DS/R/004/bl commenting on the Scanning Formats Recommendation
for Project Race in Jan. 1994

The aathors conclude that, while it *vould be uneconomic to change PAL to a progressive format, on the
occasion of moving to digital transn-ission, only "minor costs compared to the overall budget” would be
entailed by using progressive scan. t is also concluded that the "progressive format may be coded using
the same bit rate as interlaced at sane or improved picture quality. " They also propose modifying the
MPEG2 MP@ML format to permit 1 sing 50-Hz progressive scan.

4. M. Muratori (RAI), M. Stroppiane (RAI), and Y. Nishida (NHK), "Progressive and Interlaced Formats:
Comtgarison and Coding Efficiency " (Similar to a paper by the same authors presented at the 1993
[EICE Spring Conference.)

The zuthors conclude that if typical interlaced and progressive sequences are vertically low-passed
filtered to obtain the same static vertical resolution, the progressive sequence having twice the analog
bandv/idth of the interlaced sequenc::, that the same digital data rate may be used with either. They also
claim 3 dB lower coding noise for he progressive pictures, but do not deal with the possibility that a
progressive cariera may be noisier than an interlaced camera (This report was written before the
announcement of the Polaroid camer 1.)

5. "Further Results on the Compearison of Coding Efficiency Between Progressive and Interlaced
Formets," Doc. TG CMTT/2-SRG-0#8 submitted to the CCIR Study Group TG CMTT/2 Jan. 1993.

Confi ms the results of an earlier report (SRG-068) to the effect that interlaced and progressive sequences
of equal static vertical resolution car be coded to the same digital data rate.

The conclusion from these papers is that interlace does not improve the compressibility of video
programs. Progressive transmission with its inherently higher quality, requires no higher coded bit rate.

6. SIM.Spitzer et al, "Design and Implementation of a 3-CCD, State of the Art. 750-line HDTV
Progressive Scan Broadcast Camera. ' NAB 1996
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This paper gives technical details of the design of the Polaroid progressive-scan camera.

7. Letter from the author to Mr. {undt on 8 June 1996 relative to the effect of the I/P format on
compressibility when a number of st indard-definition programs are multiplexed into one 6-MHz channel.

8. Leter from the author to Mr. Hundt on 9 May 1996 relative to the significance of the Polaroid
progri:ssive-scan camera.

The FCC Decision

The Federal Communications Cominission was originally established at the urgent request of the radio
broadcasting industry to bring order out of chaos by establishing rules for radiating signals and issuing
licenses in a fair and open manncr. As technology advanced, a main aspect of the Commission's
resposibilities, in addition to granting licenses to broadcasters and avoiding interference, became
protecting the public interest in an environment of rapidly increasing spectrum use. At no time has
anyor e ever advanced the theory that the government, representing the people, does not have the right
(even if it chooses not to exercise that right in every case) to prescribe who can use the spectrum and with
what :echnological parameters.

Technology has brought us to the br:nk of a new chapter in television broadcasting. It now appears to be
techn cally feasible to greatly increase the amount of television service -- i.e., the number of different
programs of a given technical quali'y available to each viewer -- per unit allocated bandwidth. (I have
dubbed this ratio "spectrum efficiency.”) This new service is to be introduced in stages, which will
culminate in turning off NTSC 1) years after digital broadcasting begins. The Commission has
repea edly called for the new system to be capable of nondisruptive improvement over time.

To pr-otect the public interest dur ng this momentous change, the Commission should ensure that
receivers purchased by viewers for the initial broadcasts will remain usable as the system evolves. In
addition, there is little doubt that th: public will expect less expensive receivers to be available for less
demading applications, such as the small set often found in the kitchen. Likewise, it would be highly
desirzble to be able to use existing NTSC receivers after NTSC broadcasting ceases (Indeed, this 1s likely
to be a political necessity.) Unfortunately, the Grand Alliance standard does not particularly cater to
these last two desiderata, but the :ngineers may be able to come to the rescue, particularly as the
mone:ary rewards for solving these yroblems will be considerable.

The responsibility for the continued usability of the early receivers is entirely in the hands of the
Comnussion. Historically, receiver regulation has never been popular, although the All-Channel Receiver
Law, which made UHF broadcastin;; practical, has been very successful. If the Commission prefers to
leave receiver characteristics entirel'w to the market, then it must regulate the broadcasting format in such
a wav that any receiver that works acceptably with the early broadcasts will continue to work as the
systera is upgraded This does not mean that every DTV receiver must be an HDTV receiver or use
progr:ssive scan, but it does mean that every receiver must be able to display a usable image when it
receives a progressive transmission n either HDTV or SDTV. This can only be done if all transmissions
are required, from the outset of TV broadcasting, to be in progressive format with full vertical
resolution. Of course, the standard: for the transmitted signal must be sufficiently detailed so that the
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functioning of receivers capable of decoding the first transmissions will continue to be so capable as
modifications are made in the encod-r, such as improved motion estimation.

With respect to the preference of cirematographers for a 2:1 aspect ratio, this is much too wide for much
material that is used today. Aspect ratios wider than 16:9 can be accommodated by the letterbox method.
Although not much used in the US, it has been widely used in Europe for widescreen films transmitted in
4:3 PAL, where as much as 25% of the screen height may be left blank. Only 11% of the height of the
screen is lost when 2:1 programs are transmitted in a 16:9 system.

The preference for 72 or 75 fps ruther than 60 fps by computer interests is much harder to satisfy.
Upco:version at the receiver is possible but expensive. It would have been easier if my early suggestion
had b:en followed that 24 fps be used for all subject matter, relying on upconversion to produce 48 fps or
72 fps at the receiver. (We actually got suprisingly good results with only 12 fps using sophisticated
motion-compensated interpolation.) The success of Imedia Corporation in using this format for getting
very high comgression ratios when inultiplexing many NTSC programs into one channel is an indication
of what might have been possible However, at this point, I think it is too late to make such a
fundamental change in the proposed standard. This is another case where computer interests would have
been 'well advised to spend enough nioney to develop a system that would be good for everyone.

e 2k 3k ok 2k 3 ok ok 3k ok sk 2 A 3k ok ok e ok o 3k e ok ok

One 1nay well ask why, if these considerations seem obvious to the author, that so many persons and
entities in the industry favor interlace. My view is that, just as war is too important to be left to the
generals, television is too important to be left to TV industry executives. In TV, it is evidently possible
for nearly everyone to be wrong at the same time. No better example can be given than the near-universal
opinion in the industry, at the outse' of the current Inquiry, that HDTV must be compatible with NTSC,
and that 1t would require more than » MHz. Likewise, digital transmission was widely considered a pipe
dream, and contrary opinions on all these points were ridiculed. A strenuous attempt was made to foist
MUSIE off on the American scene. + MUSE came in last in the ATTC competition.) It is this background
that the Commission 1s urged to teep in mind when evaluating the arguments that are now being
presented.
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Conc usions

It is evident that all of the principai arguments made in favor of allowing the use of interlace in early
DTV broadcasting, as discussed in the Introduction, are faulty.

1. Even in analog TV, interlace does not double the vertical resolution for a given bandwidth. Because of
the interline flicker that increases with resolution, it is possible to raise the resolution at most by about
10%. Interlace artifacts are introduczd, and picture quality goes down.

2. When coding is used, progressiie scan does not require more channel capacity . Studies at Bell
Laboratories, RAI, NHK, and in France indicate that the higher correlation found in progressive
sequences permits a doubling of th¢ compression ratio so that the same coded data rate is required for
either. Of course, the use of progres ;ive scan eliminates the artifacts of interlace.

3. Interlaced receivers, which are ikely to be somewhat cheaper than progressive receivers, at least
intially, can still be used with progressive transmissions, although the displayed quality will be lower.
The cost of the P-to-I converter in the receivers is so small as to be of no consequence. The I-to-P
converter needed at the encoder wten progressive transmission is used with interlaced source material
does cost something, but that cot is negligible compared with the cost of converting to digital
transraission.

4. The Polaroid development show: that, contrary to the predictions of the interlace enthusiasts, it is
indee1 possible to make a progress ve-scan HDTV camera with excellent performance, including high
sensitivity.

5. Thz conversion of existing NTS( program material into progressive form for multiplex transmission
involves negligible cost as compared with the other costs of digital transmission. Progressive
transinission from film, which will t ¢ very important to HDTV, involves no extra costs at all.

We conclude that, if a camera as ;:0ood as the Polaroid camera had been available at the time of the
ATTC/ATEL tests, and if subject matter had been used that exhibited strong interlace artifacts, the
progr:ssive systems would have wo1 the competition. We further conclude that there are now no vahd
reaso1s for using interlaced transmission in DTV,

The use of progressive transmission is not primarily for the benefit of the computer industry; it is equally
essential for high-quality television reception and to allow nondisruptive improvement of the
broadcasting system over time, a long-standing Commission objective.  Permitting interlaced
transinission, on the other hand, wil create a reverse-compatibility problem that will inhibit the eventual
migration to a progressive format tlat everyone involved advocates. Finally, there is no cost penalty to
any TV stakeholder, including view: rs, in the exclusive use of progressive transmission.

Shou d the Commission accept this recommendation, the market can be relied up to ensure that cheaper

interlaced receivers will remain u:eable as the system is upgraded, without any receiver regulation,
proviJed that full vertical resolution is mandated in DTV broadcasting.
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frames per second. The picture information 1s processed in real-time
in a digital format. A digital memory 1s employed with suflicient

capacity to store onc complete frame of video information encoded
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second. Means are provided to introduce into the memory whole new
pictures or sclected picture clements at any interval which 1s a
multiple of the frame rate. The information inserted into the memory
is decoded and displayed on a monitor ai a raic of 60 pictuics pei
second in order to avoid flicker.

A number of frame repeating and replenishment systems have been
demonstrated in real time using this equipment, however the system
is in no way limited to those applications which have been discussed.
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Low-Resolution TV: Subjective
Comparison of Interlaced and
Noninterlaced Pictures

By EARL F. BROWN
(Manuscript received September 19, 1966)

A subjective comparison of line-interlaced television pictures and non-
tnierlaced lelevision pictures has shown that the line-interlacing of low-
resolution television pictures provides a bandwidth saving of considerably
less than 2:1 when the line structure of the picture is visible.

A ne-wnlertaced lelevision picture was subjectively compared wilh
several noninterlaced television piclures in an effort lo delermine their
subjective equivalency in lerms of bandwidth. Several other variables—notse,
spot-wobble, line-width to line-pilch ratio, different models, illumination
and luminance—uwere also employed in the experiments. The lelevised
pictures consisted of a head-and-shoulder view of a model pantomiming
a two-way conversalion.

The results indicate that the line-inlerlacing of low-resolulion televiston
pictures provides about a 37 percent saving in terms of bandwidth at a
relatively low value of high-light luminance of 40 fL (140 cd/m®) and
as little as a 6 percent savings at a high-light luminance of 100 fL
(840 cd/m®). When the line-width to line-pilch ratio is set at its preferred
value for all pictures, a significant difference 1s oblained when the high-
light luminance is decreased from 60 [L (200 cd/m*) to 40 {L (140 cd/m?).
The cffects of Gaussian notse, spot-wobble, tllumination, and different
types of models did not aller the subjective equivalence of line-interlaced
and noninterlaced lelevision pictures significantly. The addition of notse
to a spot-wobbled picture was found to be more detrimental to the quality
of the noninterlaced pictures than to the line-interlaced picture.

I. INTRODUCTION

The lower limit of the picture repetition rate for television pictures
is dictated by the critical-fusion frequency (CII).'* The CEFF is
approximately proportional to the logarithm of the luminance over
a wide range. It is also approximately proportional to the Jogarithin
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of the size of the flickcring area, The CFI" is on the 6%07’61*07\)'%
per second for present day television luminances and pi(‘,tmjc sizes.

The television engineers of the 1930’s experimented with two-fold
tinc interlaced pictures as a means of saving bandwidth. In Lwn-fgld
line-interlaced pictures, alternate lines wre scanned duri.ng successive
vertical deflection cycles. Engstrom® found that the vgrt.w,nl deflection
cycle should be greater than 50 11z and should bc a multiple of the power
line frequency. In 1941 the National Television System Commlttcg
(NTSC)* adopted a vertical deflection frequency of 60 Hz.for .(,wo-fol
line-interlaced commercial broadcast systems. Two-fold line interlace
has since been adopted by virtually all television systems, regardless
of the application. A

OHE-NAIL OF UNE LHIIES i1 o rre s s oo : "
du\r)ing alternate half-cycles of the frame rate which is {30 H.z. The
result is essentially two light pulses for cach frame period, 1., an
apparent rate of 60 light pulses per second. Thus, large-area flicker
is negligible if present at all. N

When all of the lines except one of a line-interlaced tc?evxsnon raster
are masked that line appears stationary and nonflickering. When all
of the lines except two of a line-interlaced teievisi(?n raster are masked
the two lines appear to jump back and forth as if in mf)Lloxx. When the
masking is removed the whole raster appears Lo. shimmer. When a
pieture is reproduced on the raster the shimmering i conﬁr‘md to smz}ll
isolated areas of roughly equal brightness. The shxmm(.-,rmg ci:fect m
these areas is most pronounced at brightness boundaries. Tl\}s phfs—
nomena of apparent-motion is duc to the out of phase relationship
between adjacent lines of the raster and appears to be affecteq by tfhe
same laws as flicker. These apparent-motion defects are called interline
flicker by the television industry. N '

Engstrom® found that interline flicker was vnsnb'le at the same distance
at which the line structure becomes visible. Ilis conclusion was that
the observer must be seated at a distance equal to or greater than that
distance at which the line structurc becomes rcsol\fablc. o

Line crawling is another subjective defect associated with line-inter-
laced pictures. This stroboscopic defect talkes th.e form of an appargnt
crawling of the lines cither up or down depending on which dlrgc.tx.on
the eye tends to track. Line crawling is related t(? the .per(.:eptlbxl.lty
of interline flicker and becomes increasingly perceptible th,h' increasing
picture brightness and angle subtended by the eye of adjacent line
centers. _ o .

A third defect inherent to line interlaced pictures is subjective line-

Ledrirs e wnmml‘d
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as physieal line-pairing, i.c., when adjacent lincs are physically super-
imposed on cach other by the defleetion circuitry. Subjective line-pairing
occurs when either the televised image or the observer’s visual center
of atienilon moves in a dircciion obheir than parallel t6 the scanning
lines, This defeet also occurs when ihe observer blinks his cyes or
effectively strobes the picture. Subjective line-pairing is most evident
when the motion is parallel to the vertical scan direction and at
rate equal to the field rate.

The question arises, “Do the degrading effects associated with inter-
line flicker nullify the advantage of being able to present twice as much
mformation in each picture when the line sturcture is visible”’? Accord-
sty three enhiective ayneriments were condueted in an attempt to
answer this question,

The experiments were condueted on low-resolution television pictures.
In the first experiment, a 225-line interlaced picture was compared
with four noninterlaced pictures ranging from a 225-line picture to o
135-line picture in steps with ratios of v/2. Additional variables at
two values each—noise, itlumination, spot-wobble, and picture material-

were also introduced. Two types of observers, skilled and nonskilled,
were used.

anaTieiaer

The second experiment was performed in order {6 determine the
effects of a change in luminance on the subjective relationship between
the interlaced picture and the nonminterlaced pictures. Iive noninter
iaced pictures were compared with the 225-line interlaced picture
starting with a 189-line picturc and decreasing in steps with ratios
of \'/5 to n 135-line picture. The subjective relationship between the
noninterlaced pictures was also investigated.

For the third experiment, the preferred line-width to line-pitch ratio
was determined in a separate experiment. In this experiment, the line-
width to line-pitch ratio was sct at the preferred value for each picture.
The 225-line interlaced picture was compared with 5 noninterlaced
pictures starting at a 225-line picture and decreasing to a 147-line
picture in steps with ratios of v/2. Two levels of luminance were
introduced as a second variable.

The bandwidth in each of the above cases was adjusted such that
the vertical to horizontal resolution ratio was approximately 1:1.°
A-B testing techniques were used. Each A-B pair consisted of the inter-
laced picture and onc of the noninterlaced pictures except for that
portion of the second cxperiment where the noninterlaced pictures
were compared against each other,

N R -
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i, TEST APPFARATUS

The basic operation and layout of the test apparatus is illustrated
by block diagrams shown in I'igs. 1 and 2.

Fig. 1 illustrates the basic functions of the counting and syne signal
generating apparatus. The vertical counting and vertical sync generating
apparatus was held constant for all picture rates. The vertical sweep
rate was 60 Hz. Two scts of horizontal counters were used. The counters
were programmed to produce the desired line rate by opening and closing
appropriate leads with remote controlled relays. The proportion of
the horizontal blanking period to the line period was kept constant
for all rates at } of the line period. The vertical blanking period was
held constant at v of the field period.

1 Nne ravio 01 e vertical (viIisOl W fHONZ00LRE CLEVISOL s it pitLepes
for the noninterlaced pictures. The ratio of the two divisors was an
integer plus one-half for the interlaced picture,

Fig. 2 illustrates the basic operation of the rest of the test apparatus.

MASTER
CLOCK
A potlmn B [o—
VERTICAL l+— PROGRAMING e PROGRAMING
HORIZONTAL[ 1 HORIZONTAL |
COUNTER COUNTER | CONTROLS COUNTER | CONTROLS
PULSE PULSE PULSE
FORMERS FORMERS FORMERS
A-B
SWITCH
] 1
A-B8 LOW-PASS
SWITCH FILTER
gb ]
VERTICAL SYNC
DRIVE
BLANKING  HORIZONTAL HORIZONTAL SPOT-WOBBLE
DRIVE “A" DRIVE“B" SIGNAL

Fig. 1 — Simplified block diagram of sync generator and pulse forming apparatus.
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SWEEP
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(= sT-2 ._3.——1
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sT-5
FILTERS
8 1
R
{ cameRa o> F3 A-8 f——e{  CRT
I
5> Fa '—%——I
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5~ Fs
/ L
OTHER
FUNCTIONS
.
————————d 1
[ 2
| -
VERTICAL
VERTICAL INPUTS A et 3 A-B WEEP
SWEEP RERAT
GENERATOR GENERATOR
N e ——] 4
——— 5

)

VERTICAL DRIVE

1ig. 2 — Simplified block dingram of test apparatus.

An RCA TK-21 camera chnin was the core of the camera end of the
test apparatus. Six horizontal_sawtooth gencrators were used to ac-
commodate six different sweep rates. These were carefully designed
driven circuits which provided a sweep lincarity on the order of £1
pereent of full scale deflection. Remote-controlled relays were used to
preselect the two sawtooth signal gencrators. The two sawtooth signals
for driving both camera and monitor sweeps werce then applied to an
A-B switch which selected the desired one of the pair.
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ireat care was taken in the design and construction ot the sweep
and associated circuits to insure that line spacing on the pick-up
tube and display tube was correct in all eases.

Six low-pass filters were provided for processing the picture signals
of the six different sweep rates. The filters were isolated from ecach
other with buffer amplifiers. The appropriate filter for each sweep
rate was selected by remote-controlled relays. Each filter had an ad-

CJ
L, Lo Ly M=t
o STHO™ Ll — OO B —0
o IR
I P P
R, ==C, =Ce ==C, =2=Cs R,
C_',T\ ]
o [ | -
(a)
fd=1fco/1.57 R, =03257R,
R s 1
L= %es2td “= 09s2R,fd
L,=ones L’ C,=004709C’
iL,=o01600L’ C,=o0.1581 C'
Ly=01303L' C,=003180C'

L,=00357L'
Ly=005568L"

C,=0.4856C'
Cy=1.438C'

Cq= 01292 c'
(b)

Fig. 3 — Low-pass filter: (a) circuit dingram, (b) design data.

justable attenuator which permitted balancing for the difference in
insertion losses.

Iiach filter had a near Gaussian roll-off, had lincar phase, and ex-
hibited a preshoot and overshoot in its step response.* The preshoot
and overshoot were each 12 percent of the step-signal amplitude. The
cutoff frequency for the filters was arbitrarily selected as the —20-dB
point on their response curve. Fig. 3 shows the circuit configuration
and design data for the filter.t Iig. 4 shows the typical amplitude

* An entlier experiment (unpublished) indieated subjectively that this type of

filter gave the preferred picture rendition. )
t Designed by G. Szentermai of Bell Telephone Laboratories, Incorporated.
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filter,

versus frequency characteristies of these filters and FFig. 5 the typieal
step response. After adjustment of the effective vertical resolution by
applying a Kell factor of 0.7 and allowing for the difference betweer
vertical and horizontal blanking periods, the eutoff frequency (— 20 dB)
of the low-pass filters was sclocted to provide approximately equ:l
horizontal and vertical resolution.®

Three other functions were selected and switched in much the same
manner. These were spot wobble, line width t¢ line piteh ratio
~amera raster centering. Fach of these functione Toqd e individied
balancing controls.

The spot-wobble signal was a 7.1442-M1Iz sinc wave locked to the
master clock. The spot-wobble signal was applied to the picture tube
through an auxiliary yoke. The line broadening by the spot-wobble
signal was subjectively optimized for and by the experimenter for
cach test picture. In general, the line broadening was adjusted such
that a minute gap appeared between adjacent lines.

The line-width to line-pitch ratio without line broadening was about
0.33 for the 225-line interlueed picture. The line-width was measured
at the half-luminance level of the line profile. The line-width to line-
pitch ratio for the other pictures may be determined by

L
s = on(ls)
W/LP = 033{ 05} M
where L, is the number of lines in the picture. INig. 6 shows line profiles
of the scanning lines perpendicular to the direction of scan for an
interlaced and noninterlaced picture.
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Fig. 5 — Step response of low-pass filter: (a) input to filter, (b) output of filter
lustrating 12 percent preshoot and overshoot about step.

I'ig. 7 shows line profiles of spot-wobbled seatming lines perpendicular
to the dircction of scan for an interlaced and noninterlaced picture.
(The asymmetry of the spot profile is due to a slight misalignment
in the position of the auxiliary yoke.) At the juncture of adjacent
lines the luminance level of each line was about 25 pereent of its max-
imum luminance. Since the period between adjacent lines for the
interlaced picture is 1/60 sccond the observer will see the sum of the
contributions of each line at their juncture.’ Thercfore, in the spot-
wobbled line-interlaced pictures the brightness at the juncture of
adjacent lines was about

B, = 1/4(Bx + B'z)' (2)

where B; = brightness at the junction of adjacent lines, B, = maximum
brightness of line one, and B, is the maximum brightness of line two.

The Talbot-Plateau Law® says that an observer watching flashing
lights above the CI'l' will sense an apparently constant mean value
of the luminance of the lights over the period of the flashes. Kquation (2)
is a special case of the Talbot-Plateau Law, The law must be expressed
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The Talbot-Plateau Law is

l t
Lm =1 f Ldt, @)

where Lm is the mean value of the real luminance taken over one period
or over any time ¢ comnprising an integral number of periods.

With spot-wobbled noninterlaced pictures the period between suc-
cessive excitations of the phosphor at the juncture of adjacent lines
is one line period. Since the phosphor has a finite decay time, it will
still be lumineseing at the juncture of adjacent lines when excited the
second time. Thus, the luminance generated by the second excitation
will add to that remaining from the first excitation. The second excita-

b

tog

Fig. 6 — Experiment I—profiles of picture-tube seanning lines. (a) 225-line inter-
laced picture with line width to line-piteh ratio of 0.33, (b) 189-line noninterlaced
picture with line-width to line-pitch ratio of 0.28.
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tinn ana lina nariad latar at tha minetiura of adineant linng nonnrding
to the Talbot-Plateau Law, increased the mean luminance at the junc-
ture by about 25 percent. ‘ .

Asymmetrical spot defocussing was obtained by placing two clectro-
magnete about the neck of the picture tube such that they defocussed
the seanning spot perpendicular to the direction of lin(? scan Of\ly.
Another experiment® has shown that the preferred line-width to line-
pitch ratio for line-interlaced pictures is about 1.7 and for nonmter]:u;cd
pictures is about 1.2. Fig. 8 shows the cffect of defocussing the seanning
spot perpendicular to the direction of scan for a line-interlaced picture.
When the line-width to line-pitch ratio is 1.7 the luminance con-
tributed by a line al the juncture of adjacent lines is about 82 per-

{9)

N M) e

SR

(b)

Fig. 7— Experiment I—profiles of picture tube scanning lincg with spot-wobble.
(») 225-line interlaced picture, (b) 189-line noninterlaced picture.
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Fig. 8 — Experiment I1I—profiles of picture tube scanning lines with line-widt!
to line-pitch ratio of 0.9 where the averlap at the juncture of adjacent lines is A
proximately 50 percent.

cent of the luminance at the center of that line Yor a noninterlace:
picture with a line-width to line-pitch ratio of 1.2 the luminance con
tributed by a line at the juncture of adjacent lines is about 60 percent
of the luminance at the center of that line. Equations (2) and (%)
are also applicable in these cascs.

Switching between the A-B pairs was instantancous in so far as Uh
observer was concerned. Switching between A-B pairs was under the
control of the observer. The switching action started with the leading
edge of the vertical drive pulse and was completed during the vertical
blanking interval so that visible transients were minimized.

The test appartus was checked out twice each day to insure thai
all apparatus was operating correctly and aligned properly.

The test room, Fig. 9 was a specially constructed room which was
remote from the experimenter’s station. Audio communication between
experimenter and observer was over an intercom. The intercom was
a push-to-talk type which permitted noisc (switching, ete.) isolation
between the test room and experimenter’s station.

The observer was seated in a comfortable chair at a distance of about
40 inches from the screen of the monitor. The picture size was 5 inches
by 5 inches for each casc.

HI. TEST PROCEDURE AND INSTRUCTIONS

A-B testing techniques were employed in which one of the pictures
was always the interlaced picture. The two pictures were presented
in sequential order under the control of the observer.

Once an A-B pair was selected by the experimenter, control of the
A-B switch was turned over to the observer. The observer switched
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Fig. 9 — Test room.

hotween the two pictures of the A-B pair at will and for as long as he
wished until he reached a decision. After each observer’s decision,
the experimenter presented to the observer a nniform‘gray rfust,er.set
near the average luminance level of the picture (lurmg‘wh?ch t!me
the experimenter selected the next A-B pair. Set-up switching time
was about 5 seconds.

The oral instructions to each observer were:

“You will be shown 32 sets of pictures to compare. Ea'ch set will
consist of 2 pictures. The pictures between sets and within sets will

ifferent.

he“('lll“l};c A picture will appear when you dcpr(_zss this A but,yt,on and
the B picture will appear when you depress this B button. You may
switch back and forth as often as you wish and for as long as you wish.

“Once you have decided which picture you like best, pleasc announce
your preference over the intercom as AorRBY . N

Tach of the 25 ohservers made a forced choice decision fo.r one of
the two pictures in each of the 32 pairs. The total observation time
for obscrvers varied from 15 minutes to 30 minutes.
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Question and answer scssions were held after cach test session.
All of the observers detected the subjective picture defects due to
interlacing. Their description of these effects was in terms of noise.
It appears that their preferences was an cxpression of their reaction
to the annoying effects of “‘noise’” in the line-interlaced picture.

IV. EXPERIMENTAL DESIGN— EXPERIMENT 1

The objective was to determine subjectively how much saving in
bandwidth a linc-interlaced picture provides with respect to a non-
nterlaced picture. The most straightforward experimental design was
the Mcthod of Constant Stimuli’ in which the constant (or reference)
picture was a line-interlaced picture which was compared with scveral
noninterlaced pictures with different numbers of lines and bandwidths.
The noninterlaced pictures provided a physical seale on which a point
of subjective quality (PSE) could be cstimated for the interlaced
picture.

A 225-line picture was selected as the reference interlaced picture.
This picture (as well as the noninterlaced pictures) was displayed on
a 5 inch X 5 inch raster. At this picture height and a viewing distance
of 40 inches, the 225-line interlaced picture had an angular subtense
between adjacent lines of 2.2 minutes of arc (see Table I). IFour non-
interlaced pictures were used starting with a 225-line picture and
decreasing in steps with ratios of V2 to a 135-line picture, I'ig. 10.

Two levels of noise were introduced as test variables. The first or
zero level was that introduced by the test apparatus. Most of this
noise, just above threshold, was contributed by the vidicon camera.
The second or added noise had a Gaussian distribution. The peak-to-

TABLE I —SOME PARAMETERS OF ICXPERIMENTAL
APPARATUS (IEXPERIMENT 1)

Visible | Angular
Visible picture | subtense

Line- | llorizontal] Iland- Picture picture ele- between
Number | inter- aweep width ! ta/ | ¢} (ry nts/ | two lines
of lines lace rate (I») | (MHz) frame frame line at 40"

225 | Yes | 6750 | 0575 | 38,333 | 28,366 | 142 | 2.2

225h No | 13,500 | 1.154 | 38,466 | 28,366 142 2.2

189 | No | 11,340 | 0.812 | 27,066 | 20,020 | 110 | 2.5

162 No 9720 | 0.575 | 19,166 | 14,183 102 2.9

135 No 8100 | 0.413 | 13,766 | 10,180 85 3.4/




2i2 THE BELL SYSTEM TECHNICAL JOURNAL, JANUARY 1907 LINE-INTERLACED AND NONINTERLACED TV PICTURES 213

-4 an 11y £ a1 . & t +

sieen ] B N B D T L B

ponl sietors argeal dn chdnd s nsine loval was st GO0 G e e
' . . . . . w 338
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Fig. 10 — Photographs of noninterlaced pictures.
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The change in luminance 18 due to e ehange in o wnuuny f
reflected light from the safety glass with a change in the illumination.
Subsequent measurements of the low-light luminance indicated the
20 fL, (70 ed/m*) measurement is probably in error on the high side.

Spot-wobble was introduced at the preture tube as anoiher variabie.
Fig. 11 ilustrates the effect of spot-wobble on the received picture.

Two Lypes of observers, skilled and nonskilled, were used in the test.
Skilled observers were considered those who work in the television
engineering field. Nonskilled observers were considered those whose
only prior experience was home viewing of their commercial receivers.
Thirteen skilled and twelve nonskilled observers were used.

Two young women were used as models. One was blonde with fair

PR PR TR SOOI PIRSA AT {

135 LINES

162 LINES

Fig. 11 — Photographs of noninterlaced pictures with spot-wobble,
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compiexion wha ware blask hornorimmed sglasses and the other was
brunetie with dark complexion. During the test, the models pantomimed
what might be considered a face-to-face conversation. Subjective line-
pairing, not investigated in this experiment, was minimized by instruet-
mi the models nob 16 make rapid movements or movements which
were perpendicular to the seanning lines. The observers were partially
immobilized in the same sense by requiring them to operate the A-B
switch whose position was fixed. T'he observers were not cautioned
as to their movements otherwise, I4ig. 10 shows the brunctte model
for the four noninterlaced pictures. Fig. 11 shows the blonde model
for the four noninterlaced pictures with spot-wobble. The 225-line
interlaced pieture is not shown since photographieally it would appear
the same as the 225-line noninterlaced picture.

The order in which the mierlaced prelire i Uit nolbnw accs
pictures appeared in the A-B positions on the buttons was determined
by a random number table,

Iiach observer saw 32 A-B pairs where each pair consisted of the
interlaced picture and one of the 4 noninterlaced pictures. When used,
the additional variables noise, spot-wobble, illumination and com-
binations thereof were added to both pictures of the A-B pair. The
order of presentation of the noise and spot-wobble variables was also
randomized with random number tables. The level of illumination
was set. at one value during the first half of cach session and set at
the other value during the second half of each session. Successive
observers started their test session with alternate levels of illumination.

Seven of the skilled observers and six of the nonskilled observers
saw the blonde model and six of each saw the brunctte model.

V. EXPERIMENT I'—RESULTS AND CONCLUSIONS

Table 1T lists the ferqueney of preference for the noninterlaced
pictures over the 225-line interlaced picture for the variables employed
in this experiment.

In the tables and the text, the response data is generally related
in terms of the number of noninterlaced lines, whereas the objective
is to determine the bandwidth savings of interlaced pictures over non-
interlaced pictures. ITowever, on the data graphs the ordinate of the
eurves is expressed in terms of the number of noninterlaced lines, Ln,
and the bandwidth improvement ratio with line-interlace, Bi. The
reference for the bandwidth improvement factor is a hypothetical
159-line noninterlaced picture with a bandwidth of 575 Kllz. The
number of noninterlaced lines, Ln, may be converted to bandwidth
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improvement ratio with linc-interlace, 137, by

In’
n *)

2° )
159

Bi =

The frequency of preference data listed i Table 11 was converied
to percentiles. On the hypothesis that the percentile score was cumula-
tive normal a maximum likelihood probit® regression line was computed
for each sct of data. A x* test was performed on cach of the regression
lines. Since none of the x* values exceeded the value of the number of
degrees of freedom less one, there appears o be no conflict with the
hypothesis that the data is cumulative normal.

The probit regression line and the original data points are plotted
ST UE siiv Bl e aaiithoe 4he
i tabular form on each graph, (Z) the point of subjective equahty
(PSIE) in terms of number of noninterlaced lines, (i7) the standard
deviation of the distribution, ¢, and (1%7) the standard error of the
PSE, SEP.{

The method of the standard error of the difference’ was used in
determining the significance of a difference between two PSI’s in the
following manner. The standard error of the difference between two
independent. random variables, is equal to the square root of the sum
of their variances. Therefore, assuming independence,

Tpag = VSEP? —:SEP: ' ((")

where opgr 1s the standard error of the difference between PSIVs and
SEP? is the variance of the PSE’s. The x* test indicated no conflict
with the hypothesis that the PSE’s are from a normal distribution,
thus the distribution of the difference between the distributions of
the curves from which the PSIVs will be drawn is normal.

The test for significance was made in terms of 7' which is the difference
between the PSE’s expressed in terms of opg; a8

p — | PSE, — PSE, |

ap8w

Falliening infarmation ie ligted

@)

Adopting a null hypothesis that the two PSI’s belong to the same
parent, distribution, we may set our confidence limits at a probability
level of 0.05. Thus, a value of the normal deviate T" of 1.96 or greater
will indicate a significant difference between two PSE's.

* When data points are missing from the data plots they represent a zero or 100
percentile score, which is not, visible on the graphs.

t Each of these values are weighted best estimates. Finney, Ref. 8, gives an excel-
lent description of the statistical techniguies used in arriving at these values.
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_ Fig. 12 — Iixperiment I—the preference for noninterlaced pictures over a 225-line
terlaced picture summed over all additional variables.

The preference percentile scores for the four noninterlaced pictures
over the interlaced picture summed over all additional variables is
plotted in Fig. 12. The PSE of the 225-line interlaced picture with
respect to the noninterlaced picture is approximately a 164-line picture
(Bi = 1.06) with a standard deviation of about 21 lines and a SEP
of 4.1 lines.

Significant first-order interactions betwecn the additional variables
was found only between the spot-wobble and added noise variables.
This interaction is illustrated in Tig. 13 where curves of the preference
percentile scores versus number of noninterlaced lines for spot-wobble
without added noise summed over the other variables and spot-wobble
with added noise summed over the other variables is plotted. The PSE
for spot-wobble without added noise is a 157-linc picture (Bi = 0.98)
whereas for spot-wobble with added noise the PSE is a 167-line picture
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Fig. 13 — Experiment I—the preference for noninterlaced pictures over n 225-line
interlnced picture with spot-wobbled picture-tube seanning beam: (a) without
added noise, and (b) with added noise. (Summed over all additional variables.)

(Bi = 1.10). A T-score of 2.61 indicates there is a signilicant interaction
between noise and spot-wobble.

The first-order interaction between spot-wobble and noise precludes
a check on the main effects of these two variables summed over the
other. Therefore, the interacting variable must be eliminated in the
analysis of their main effects. Fig. 14 shows the preference percentile
score of the noninterlaced pictures over the interlaced picture for
three eases, (7) summed over all additional variables exeept spot-wobble
and added noise, () spot-wobbled scanning beam summed over all
additional variables except added noise (also shown in Fig. 13), and
(#7t) added noise summed over all additional variables except spot-

!
|
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wohble. The resulis are itemized below:

] Cane 1 Case 2 ' Case 3
PRIy 165 157 166
I3 1.08 0.98 1.09
o 17 20 20
KD | st 2.5 ! R.8

i

A T-score of 1.4 for ease | versus ease 2 indientes that spot-wobbling
of the seanning beam does not. significantly effect. the results. Also the
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Fig. 14 — Iixperiment I—the preference for noninterlaced pictures over a 225-line
interlaced picture: {(a) summed over all additional variables except added noise and
spot-wobble, (b) spot-wobbled picture-tube seanning beam, summed over all addi-
tional variables except noise, and (¢) added noise summed over all additional vari-
ables exeept, spnb—wn‘)hlc.



